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Specification 



Title of the Invention 



Vacuum Pick and place Device and 



Pick and place Confirming Sensor 



Background of the Invention 

The present invention relates to a vacuum pick 
and place device and a pick and place confirming sensor 



device and pick and place confirming sensor with which 
when air is sucked in from the air suction port of a 
pick and place nozzle by using a vacuum so as to lift a 
part to a vacuum cup having the air suction port, the 
presence or absence of the part to the vacuum cup is 
detected. 

In general, when a small part such as an 
electronic component is to be transported, a vacuum pick 
and place device which lifts the part to an pick and 
place nozzle by using a vacuum is used. In a vacuum 
pick and place device of this type, a vacuum cup having 
an air suction port is formed in a pick and place nozzle. 
Air is sucked in from the air suction port by a vacuum 
generated by a vacuum generator such as an ejector or 
vacuum pump. Thus, the part is lifted to the vacuum cup 
of the pick and place nozzle. 

In the vacuum pick and place device, the 
presence or absence of a part is determined, that is, 



and, more particularly, to a vacuum pick and place 



whether or not a desired part has been lifted from a 
parts feeder such as a tape feeder or whether or not an 
lifted part has dropped while the part is transported to 
a parts mounting position on a printed wiring board is 
5 checked. If the part is not lifted, a process to deal 
with it, that is, an error process such as re-pick and 
place of the same part or warning must be performed at 
once . 

Conventionally, when the presence or absence 

10 of a part lifted to a suction nozzle is to be confirmed, 
the pneumatic pressure in an air suction passage after 
the pick and place nozzle is measured by a pressure 
sensor. The presence or absence of an lifted part is 
determined on the basis of a change in pressure value 

15 measured by the pressure sensor. 

This determination utilizes the following fact. 
When a part is lifted to the pick and place nozzle, the 
air suction amount from the air suction port decreases, 
and the pneumatic pressure in the air suction passage 

20 decreases as compared to a case wherein no part is 
lifted, that is, the air suction port is open. 

Actually, a reference pressure indicating a 
pressure in the air suction passage when the air suction 
port is open is preset. The presence or absence of pick 

25 and place is determined on the basis of whether or not 
the measurement pressure value in the air suction 
passage actually measured by the pressure sensor during 
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a lifting operation reaches the reference pressure value. 

In the vacuum pick and place device, as the 
parts size decreases, the sectional area of the channel 
of the air suction port of the pick and place nozzle 
5 tends to decrease. 

For example, in a precision electronic device 
such as a cell phone or electronic camera, to decrease 
the size and weight of the device, the area of the 
printed wiring board must be reduced. As a chip part 
10 such as a resistor or capacitor, a very small chip part 
with a size of 1.0 mm x 0.5 mm or 0.6 mm x 0.3 mm is 
used. 

To lift such a part, a pick and place nozzle 
having a small air suction port with a channel sectional 

15 area of 0.2 mm or 0.1 mm must be used. 

When, however, the channel sectional area of 
the air suction port of the pick and place nozzle is 
decreased along with the size reduction of the part, the 
flow rate of air passing through the small air suction 

20 port decreases. Accordingly, the difference between the 
reference pressure value described above and the 
measurement pressure value becomes very small. With the 
conventional scheme of detecting a pressure change with 
the pressure sensor, the presence or absence of a lifted 

25 part cannot be determined accurately. 
Summary of the Invention 

The present invention has been made to solve 
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this problem, and has as its object to provide a vacuum 
pick and place device and pick and place confirming 
sensor which can reliably detect the presence or absence 
of a lifted part even when the channel sectional area of 
5 the air suction port of the pick and place nozzle is 
small . 

In order to achieve the above object, a vacuum 
pick and place device according to the present invention 
comprises an pick and place nozzle which includes a 

10 vacuum cup having an air suction port, a vacuum 

generator which generates a vacuum and sucks in air from 
the air suction port of the pick and place nozzle by 
using the vacuum to lift a part to the vacuum cup, a 
pick and place confirming sensor which outputs an 

15 electrical signal indicating presence or absence of a 
part lifted to the vacuum cup on the basis of a change 
in flow rate of air sucked in from the air suction port 
of the pick and place nozzle, a valve which controls 
suction of air from the pick and place nozzle using the 

20 vacuum, and an air suction passage which connects the 

pick and place nozzle, pick and place confirming sensor, 
valve, and vacuum generator to each other. 

As the pick and place confirming sensor, one 
may be used which includes a base arranged in a gas 

25 channel, a heater formed as a thin film on a surface of 
the base, a plurality of temperature sensors formed as 
thin films on the surface of the base, and detection 
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means for measuring a gas flow rate on the basis of a 
temperature distribution in the vicinity of the heater 
which is measured by the temperature sensors. 

As the pick and place confirming sensor, one 
5 may be used which includes a flow sensor which detects a 
change in flow rate of air measured in the air suction 
passage between the valve and pick and place nozzle, and 
detection means for outputting an electrical signal 
indicating the presence or absence of a part lifted to 
10 the vacuum cup on the basis of an output from the flow 
sensor- Particularly, a change in flow rate of air 
measured in a portion of the air suction passage which 
is in the vicinity of the pick and place nozzle may be 
detected. 

15 The pick and place nozzle may include a 

plurality of pick and place nozzles which suck in air 
through corresponding air suction ports by sharing the 
vacuum source, so as to lift different parts. A pick 
and place confirming sensor may be provided for each of 

20 the pick and place nozzles. 

As the pick and place nozzle, one including an 
air suction port which is provided to one open end and 
through which air is sucked in may be used. 

As the pick and place nozzle, one may be used 

25 which includes an air suction hole in which a flow speed 
of air sucked in through the air suction port by the 
vacuum becomes a sonic speed. Alternatively, as the 
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pick and place nozzle, one may be used which includes an 
air suction hole which has a channel sectional area with 
such a size that a flow speed of air sucked in through 
the air suction port by the vacuum becomes a sonic speed 
5 and in which an opening area of the air suction port 
changes in accordance with a state of a part lifted to 
the vacuum cup. 

The pick and place nozzle may further include 
an air suction hole which opens to the air suction port 

10 and guides air, sucked in through the air suction port, 
to a nozzle inner chamber of the pick and place nozzle 
connected to and in contact with the vacuum generator. 
The vacuum generator may generate a vacuum with which a 
pressure at an upstream end of the air suction hole is 

15 substantially not less than twice a pressure at a 
downstream end. 

A pick and place confirming sensor according 
to the present invention comprises a flow sensor which 
detects a change in flow rate of air, and detection 

20 means for outputting an electrical signal on the basis 
of an output from the flow sensor. 

The flow sensor may include a base arranged in 
a gas channel, a heater formed as a thin film on a 
surface of the base, and a temperature sensor formed as 

25 a thin film on the surface of the base. The detection 
means may measure a gas flow rate on the basis of a 
temperature distribution in the vicinity of the heater 
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which is measured by the temperature sensor. 

The detection means may output an electrical 
signal indicating presence or absence of a part lifted 
to the vacuum cup of the pick and place nozzle on the 
5 basis of a change in flow rate of air measured in an air 
suction passage between the pick and place nozzle and a 
valve which controls suction of air from the pick and 
place nozzle of a vacuum pick and place device. 

The detection means may output an electrical 

10 signal indicating presence or absence of a part lifted 
to the vacuum cup on the basis of a change in flow rate 
of air measured in a portion of the air suction passage 
which is in the vicinity of the pick and place nozzle. 

The detection means may output an electrical 

15 signal indicating presence or absence of a part lifted 

to the air suction port on the basis of a change in flow 
rate of air sucked in through an air suction hole which 
includes an air suction port of a pick and place nozzle 
of a vacuum pick and place device as one open end and in 

20 which a flow speed of air sucked in through the air 
suction port becomes a sonic speed. 

The detection means may output an electrical 
signal indicating presence or absence of a part lifted 
to the air suction port on the basis of a change in flow 

25 rate of air sucked in through an air suction hole which 
includes an air suction port of an pick and place nozzle 
of a vacuum pick and place device as one open end and 
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has a channel sectional area with such a size that a 
flow speed of air sucked in through the air suction port 
becomes a sonic speed, and in which an opening area of 
the air suction port changes in accordance with a state 
5 of a part lifted to the vacuum cup of the pick and place 
nozzle . 

A connector to be connected to the air suction 
passage is further provided. 

A board which mounts and holds the flow sensor 
10 thereon is provided. 

The temperature sensor further includes an 
upstream temperature sensor arranged on an upstream side 
of a gas flowing direction, a downstream temperature 
sensor arranged on a downstream side, and an ambient 
15 temperature sensor arranged near the upstream side of 
the base. 

The base has a cavity at a central portion 
thereof, and a diaphragm which thermally insulates the 
temperature sensor and base from each other is further 
20 provided on the cavity. 

Brief Description of the Drawings 

Figs. 1A and IB are views showing the outer 
appearance of a vacuum pick and place device according 
to an embodiment of the present invention; 
25 Fig. 2 is a sectional view showing a pick and 

place nozzle; 

Figs. 3A and 3B are views showing the 
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structure of a pick and place confirming sensor; 

Figs. 4A and 4B are views showing the 
structure of a flow sensor; 

Figs. 5A and 5B are output waveform charts 
5 showing outputs from the pick and place confirming 
sensor; and 

Fig. 6 is a graph for explaining the operation 
characteristics of the pick and place nozzle. 
Description of the Preferred Embodiment 

10 An embodiment of the present invention will be 

described with reference to the drawings. 

Figs. 1A and IB are views showing the outer 
appearance of a vacuum pick and place device according 
to an embodiment of the present invention, in which 

15 Fig. 1A is a front view, and Fig. IB is a side view. 
Fig. 2 is a view showing the structure of a pick and 
place nozzle. 

Figs. 1A and IB show as an example a vacuum 
pick and place device used in a mounter apparatus which 

20 mounts a chip part on a printed wiring board. A vacuum 
pick and place device used in a modular type (X-Y type) 
mounter apparatus in which a plurality of pick and place 
nozzles are arranged on a straight line will be 
described as the example hereinafter. The present 

25 invention can be similarly applied to a rotary type 

mounter apparatus in which a plurality of pick and place 
nozzles are arranged on a circumference. 
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The vacuum pick and place device according to 
the present invention has pick and place confirming 
sensors 1 N pick and place nozzles 2, air suction 
passages 4A to 4C, valves 5, pipe 6, vacuum generator 7 , 
5 and head unit 9. 

A plurality of (five in this case) pick and 
place nozzles 2 are detachably attached to the bottom of 
the head unit 9 equidistantly , to control the elevating 
operation of nozzle portions 3 formed at the distal ends 

10 of the pick and place nozzles 2 and a rotating operation 
of the nozzle portions 3 about the vertical direction of 
the nozzle portions 3 as an axis. Regarding the planar 
(X-Y) positions of the pick and place nozzles 2, for 
example, the head unit 9 itself is conveyed by the X-Y 

15 moving mechanism (not shown) of the mounter apparatus to 
a desired position. 

The pick and place nozzles 2 are commonly 
connected to the pipe 6 through the air suction passages 
4A, pick and place confirming sensors 1, air suction 

20 passages 4B, valves 5, and air suction passages 4C, and 
share the vacuum generated by the vacuum generator 7 to 
lift parts. 

Each valve 5 controls supply of the 
vacuum/atmospheric pressure to the corresponding pick 

25 and place nozzle 2, and controls parts pick and 

place/release. Each pick and place confirming sensor 1 
is a sensor which comprises a gas flowmeter and detects 
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the presence or absence of a part lifted to the pick and 
place nozzle 2 on the basis of the flow rate of air 
sucked in from the pick and place nozzle 2. 

As shown in Fig. 2, each pick and place nozzle 
5 2 is mainly made of a cylindrical nozzle main body 26 
having an inner chamber 24. A cylindrical holder 
portion 21 having a hole 22 connected to and in contact 
with the inner chamber 24 is formed at the lower end of 
the pick and place nozzle 2 such that the holder portion 

10 21 is integral with the nozzle main body 26. 

Each nozzle portion 3 forms a cylinder having 
a nozzle inner chamber 36, and is integrally formed with 
a fitting portion 31 which is fitted in the hole 22 of 
the holder portion 21 and held to be vertically movable, 

15 and a cylindrical distal end portion 32 formed at the 
lower end of the fitting portion 31. 

The distal end portion 32 has a vacuum cup 34 
having an air suction port 33 at its lower end. The 
vacuum cup 34 lifts a part. An air suction hole 35 is 

20 formed in the distal end portion 32. The air suction 
hole 35 has the air suction port 33 as one open end 
thereof. The other open end of the air suction hole 35 
opens to the nozzle inner chamber 36 connected to and in 
contact with the vacuum generator 7 . 

25 A pick and place confirming sensor according 

to one embodiment of the present invention will be 
described with reference to Figs. 3A, 3B, 4A, and 4B. 
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Figs. 3A and 3B are views showing the structure of the 
pick and place confirming sensor, in which Fig. 3A is a 
view showing the outer appearance, and Fig. 3B is a 
front sectional view. Figs. 4A and 4B are views showing 
5 the structure of a flow sensor used in the pick and 
place confirming sensor, in which Fig. 4A is a 
perspective view, and Fig. 4B) is an A - A sectional 
view. 

The pick and place confirming sensor 1 is a 

10 rectangular parallelepiped as a whole. A channel 12 
through which air flows is formed in a case 10 
. constituted by a molded product made of a plastic resin. 
A flow sensor 14 for measuring the flow rate of air 
flowing in the channel 12 is arranged in the channel 12. 

15 The inlet and outlet of the channel 12 are 

formed in respective side surfaces 17A and 17B which 
oppose each other in the longitudinal direction of the 
case 10. Connectors 11A and 11B to be connected to the 
air suction passages 4A and 4B are provided to the side 

20 surfaces 17A and 17B, respectively. 

The flow sensor 14 is held as it is mounted on 
the channel 12 side of a board 13. On the lower side of 
the board 13, that is, on that side where the flow 
sensor is not mounted, a detection circuit 15 (detector) 

25 is mounted which controls the flow sensor 14 to measure 
the flow rate of air in the channel 12, and outputs an 
electrical signal 1A indicating the presence or absence 
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of a part lifted to the pick and place nozzle 2 from a 
wiring line 16. Namely, the board 13 forms the wall of 
the channel. 

As shown in Figs. 4A and 4B, the flow sensor 
5" 14 is obtained by forming a heater 61 , upstream 

temperature sensor 62, downstream temperature sensor 63, 
ambient temperature sensor 64, and electrodes 60 as thin 
films on the surface of a base 50 made of a base 
material such as a silicon chip by using a pattern of 

10 platinum or the like, and covering the thin films with 
an insulating film layer 52. 

The heater 61 is arranged at the center of the 
base 50. The upstream temperature sensor 62 is arranged 
on the upstream side of the gas flowing direction. The 

15 downstream temperature sensor 63 is arranged on the 
opposite downstream side. The ambient temperature 
sensor 64 is arranged near the upstream side of the base 
50. 

At the central portion of the base 50, part of 
20 the base material is removed by a process such as 

anisotropic etching to form a cavity (recessed space) 54. 
The heater 61, upstream temperature sensor 62, and 
downstream temperature sensor 63 are formed on a 
diaphragm 51 thermally isolated from the base 50. A 
25 large number of vent holes 53 are formed in the 

diaphragm 51 to extend in the direction of thickness of 
the diaphragm 51, so that air flows into the cavity 54 
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as well. 

The flow sensor 14 operates on the following 
principle. Air is heated by the heater 61 such that its 
temperature is higher than the air temperature measured 
5 by the ambient temperature sensor 64 by a predetermined 
temperature. The temperature distribution of air is 
measured by the upstream temperature sensor 62 and 
downstream temperature sensor 63 to measure the air flow 
rate . 

10 When air is still, the temperature 

distribution obtained by the upstream temperature sensor 
62 and downstream temperature sensor 63 is 
axi-symmetrical . When air flows, this symmetry is lost, 
and the temperature obtained by the downstream 

15 temperature sensor 63 becomes higher than the 

temperature obtained by the upstream temperature sensor 
62. This temperature difference is detected by a bridge 
circuit to obtain an air flow rate (mass flow rate) on 
the basis of physical values such as the thermal 

20 conductivity of air. 

With this flow sensor 14, the size of the 
sensor itself can be decreased. Each temperature sensor 
and the base are thermally insulated from each other by 
the diaphragm structure. Thus, a high sensitivity and 

25 high response speed can be obtained without being 

adversely affected by the ambient temperature. Also, 
power consumption can be decreased. 
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Therefore, a very small flow rate change in 
the form or sucked air in accordance with the presence 
or absence of a part lifted to the pick and place nozzle 
2 can be detected accurately within a short period of 
5 time. 

The operation of the vacuum pick and place 
device according to this embodiment will be described 
with reference to Figs. 5A, 5B, and 6. Figs. 5A and 5B 
are output waveform charts (actual measurement values) 

10 showing outputs from the pick and place confirming 

sensor 1 of the vacuum pick and place device. Fig. 6 is 
a graph for explaining the operation characteristics of 
the pick and place nozzle. 

When the valve 5 is switched to the vacuum 

15 generator 7 side, air is sucked in through the air 
suction port 33 of the nozzle portion 3 due to the 
vacuum generated by the vacuum generator 7, and is 
guided to the inner chamber 24 through the air suction 
hole 35 and nozzle inner chamber 36. 

20 After that, air flows toward the air suction 

passage 4A through a hole 25 formed in the side wall of 
the nozzle main body 26, and enters the pick and place 
confirming sensor 1. The air flow rate is measured by 
the pick and place confirming sensor 1, and air reaches 

25 the vacuum generator 7 through the air suction passage 
4B, valve 5, air suction passage 4C, and pipe 6. Thus, 
a part located immediately under the air suction port 33 
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of the pick and place nozzle 2 is lifted to the vacuum 
cup 34. 

When the valve 5 is switched to the 
atmospheric pressure side, air suction from the air 
5 suction port 33 stops, and the part lifted to the vacuum 
cup 34 is released. 

In an open state wherein no part is lifted to 
the pick and place nozzle 2, comparatively large amount 
of air is sucked in through the air suction port 33, as 
10 indicated by a measurement flow rate value 71 of Fig. 5B. 
Thus, the output from the pick and place confirming 
sensor 1 indicates a high output voltage. In a state 
wherein a part is lifted, the part decreases the opening 
area of the air suction port 33, so that the air amount 
15 sucked in through the air suction port 33 decreases. 
Thus, the output from the pick and place confirming 
sensor 1 indicates a low output voltage. 

Therefore, the presence or absence of a lifted 
part can be determined on the basis of a difference in 
20 output voltage between the released state and lifted 
state . 

Usually, the atmospheric pressure changes 
depending on the weather, temperature, or altitude. The 
vacuum generated by the vacuum generator 7 includes 
25 positive and negative fluctuation margins due to the 

structural factor of the device. Furthermore, as shown 
in Fig. 1A, if one vacuum is shared by a plurality of 
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pick and place nozzles, the vacuum changes when another 
pick and place nozzle operates. 

Therefore, when the pneumatic pressure on the 
outlet side of the pick and place nozzle which is 
5 measured by using a pressure sensor is to be measured as 
in the conventional case, the measurement result is 
directly adversely affected by various types of 
disturbances as described above. In particular, when a 
pick and place nozzle having a small channel sectional 

10 area is used, the pressure drop in the pick and place 

nozzle is large, and accordingly the pressure difference 
caused by the presence or absence of a lifted part tends 
to be small. Disturbance is added to this tendency to 
decrease the S/N ratio. Consequently, the presence or 

15 absence of a lifted part cannot be determined accurately. 

In order to exclude the influence of the 
disturbance, the reference pressure value for 
determination may be adjusted when necessary. In this 
case, an adjustment operation becomes necessary, which 

20 decreases the operating efficiency of the mounter 
apparatus . 

In contrast to this, the present invention 
pays attention to the characteristics of the pick and 
place nozzle 2 described above. The presence or absence 
25 of a lifted part is detected by measuring the mass flow 
rate or air sucked in from the pick and place nozzle 2. 

In the vacuum pick and place device used in 



- 17 - 



the mounter apparatus which mounts a chip part on a 
printed wiring board, the channel sectional area of the 
air suction hole 35 (air suction port 33) of the pick 
and place nozzle 2 is small. To obtain a desired part 
5 lifting force, air is sucked in by the vacuum generator 
7 with a vacuum sufficiently different from the 
atmospheric pressure. In the released state wherein no 
part is lifted, the air flow speed at the air suction 
hole 35 of the pick and place nozzle 2 . is constant, that 

10 is, a sonic speed (344 m/s when the atmospheric 
temperature is 20°C) . 

Generally, it is known that when a pressure 
ratio Pin/Pout (absolute pressure ratio) of an inlet 
side pressure Pin to an outlet side pressure Pout of an 

15 air passage has a predetermined value, i.e., 

substantially 2 or more, the flow rate in the air 
passage is a predetermined speed equal to the sonic 
speed, as shown in Fig. 6. This air passage is called a 
sonic nozzle. 

20 In the pick and place nozzle 2 of the vacuum 

pick and place device used in the mounter apparatus, due 
to the sufficient vacuum required to lift a part, the 
air suction hole 35 is very narrow and a sufficient 
pressure ratio is formed. Thus, the air suction hole 35 

25 is used in a saturation segment where the air flow speed 
is a sonic speed. In other words, when the above 
pressure ratio is maintained, even when the vacuum 
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changes, the air flow speed in the air suction hole 35 
is constant. 

The mass flow rate accordingly becomes no 
longer related to the pressure. A high S/N ratio can be 
5 obtained as a flow rate signal without being adversely 
affected by a disturbance caused by the operation of the 
vacuum generator or pick and place nozzles arranged in a 
row, i.e., by pressure fluctuation. 

As the mass flow rate is obtained from the 

10 product of the opening area and the sonic speed, it 

depends on the opening area. The opening area changes 
in accordance with the presence or absence of a lifted 
part. If the mass flow rate is detected, a change in 
opening area, that is, the presence or absence of a 

15 lifted part can be determined accurately from the 

magnitude of the mass flow rate. Hence, the released 
state can be determined accurately. Therefore, the 
determination is not much adversely affected by the 
posture of the lifted part, and can be made well even 

20 with a pick and place head in which the vacuum cup has a 
three-dimensional structure and a part is lifted 
obliquely. 

In the above description, a pick and place 
nozzle which lifts a small part such as an electronic 
25 part is described. When another article is to be lifted 
by a vacuum, as a pick and place nozzle, one having an 
air suction hole with a channel sectional area with 
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which the air flow speed becomes constant (sonic speed) 
in a released state or with which the pressure ratio 
described above can be obtained may be used. For 
example, in Fig. 2 described above, the air suction hole 
5 35 formed in the distal end portion 34 of the lifting 
nozzle 2 has a substantially constant shape from the 
upstream end to the downstream end with a channel 
sectional area as described above. 

This will be expressed strictly on the basis 

10 of the principle of the sonic nozzle described above. 
The air suction hole 35 suffices as far as it has the 
above channel sectional area at the air suction port 33 
and the channel sectional area at the air suction port 
33 is narrowest in the air channel after the air suction 

15 port 33 before the pipe 6. 

This will be expressed from the vacuum side. 
A vacuum with which the ratio of pressures at the two 
ends of the air suction hole 35 of the pick and place 
nozzle 2 becomes twice or more may be used. The 

20 pressure at the downstream end of the air suction hole 
35 may be measured actually, or may be estimated from 
the pressure measured in the nozzle inner chamber 36, 
inner chamber 24, or air suction passage 4A, and a 
pressure gradient from the pressure measurement position 

25 to the downstream end of the air suction hole 35. 

Figs. 5A and 5B described above show output 
voltages obtained when the pick and place nozzle 2 
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having the air suction port 33 (air suction hole 35) 
with a channel sectional area of 0 0.2 is used. For 
comparison, an output voltage obtained when a pressure 
sensor is used is shown. 
5 The pressure sensor is a general one having a 

measurement span to correspond to the vacuum output (an 
absolute pressure of about 30 kPa) of the vacuum 
generator 7 widely used in the mounter apparatus. 
Figs. 5A and 5B show the output voltages of the two 
10 cases in the released state. The difference in output 

between before and after parts pick and place is smaller 
in output characteristics 72 of the pressure sensor than 
in the output characteristics 71 of the air flow rate 
sensor . 

15 In addition to the fact that the output 

difference is originally small, due to the disturbance 
described above, the output characteristics fluctuate to 
decrease the S/N ratio. Thus, a margin cannot be 
maintained with respect to a reference pressure value 74, 

20 and it is difficult to determine the presence or absence 
of a lifted part by using a pressure sensor. 

In contrast to this, concerning an air flow 
rate, a certain degree of an output difference can be 
obtained, and the disturbance described above has 

25 substantially no influence, so that a high S/N ratio can 
be obtained. Thus, a sufficient margin can be 
maintained with respect to a reference flow rate value 
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73, and the presence or absence of a lifted part can be 
determined accurately. 

Regarding the layout position of the pick and 
place confirming sensor 1, as far as it is located on 
5 the air suction passage 4A or 4B that connects the pick 
and place nozzle 2 and valve 5 to each other, as shown 
in Figs. 1A and IB, regardless of where it is arranged, 
it can measure the flow rate of air sucked in from the 
pick and place nozzle 2. 

10 Air flows taking time, although short. If the 

pick and place confirming sensor 1 is arranged in the 
vicinity of the pick and place nozzle 2, of the air 
suction passages 4A and 4B, the delay time in detection 
of a lifted part can be shortened. 

15 According to the embodiment described above, a 

pick and place nozzle is provided which includes a 
vacuum cup having an air suction port. When air is 
sucked in from the air suction port of the pick and 
place nozzle by using a vacuum to lift a part to the 

20 vacuum cup, a pick and place confirming sensor is used 
to output an electrical signal indicating presence or * 
absence of a part lifted to the vacuum cup on the basis 
of a change in flow rate of air sucked in from the air 
suction port of the pick and place nozzle. Even when a 

25 pick and place nozzle having an air suction port with a 
small channel sectional area is used, the presence or 
absence of a lifted part can be detected more reliably 
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than in a conventional case wherein it is detected by 
using a pressure sensor. 

As described above , the vacuum pick and place 
device and pick and place confirming sensor according to 
the present invention are suitable for transporting a 
small part such as an electronic part, and are 
particularly suitable for detecting the presence or 
absence of a part lifted to a vacuum cup. 
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